Open Agriculture. 2017; 2: 600-610 bean genotypes and most of their interactions. Significant correlations were found between all germination variables and between most growth parameters. From the effect of salt application, the common bean genotypes namely KEB-CB049, KEB-CB053 and Mac-33 were the most tolerant while KEB-CB055 and KEB-CB050 were the most sensitive. The results confirm that there is genotypic variation in salinity tolerance and that the most tolerant genotypes should be further explored in selection programs, with the aim that they should be promoted for cultivation in tropical zones affected by salinity.
Introduction
Phaseolus Vulgaris L. is a diploid plant species (2n = 2x = 22) comprising wild and cultivated forms with the latter having broad-ranging commercial applications (Caicedo et al. 1999 ). This bean was first domesticated in Central and Southern America and is now widely cultivated in the tropics, subtropics and temperate regions (Burle et al. 2010) . The common bean is produced worldwide to the tune of about 18.3 million tons (FAOSTAT 2009) . It is an annual legume providing a major protein source and essential vitamins, minerals and fiber to millions of people in both urban and rural areas of many developing countries (Messina 1999 ). This crop is widely known for its ability to feed people and their livestock and therefore occupies an excellent position in traditional farming systems. Common bean (Phaseolus vulgaris) is however known to be sensitive to salinity and should therefore be cultivated on soils with little or no saline content (Maas and Hoffman 1977) . Several researchers have reported that common bean genotypes https://doi.org/10. 1515/opag-2017-0064 received August 29, 2017; accepted November 8, 2017 Abstract: This study was carried out to determine effects of salinity on germination and seedling development of commercially important common bean genotypes in Cameroon. The seeds of eight genotypes were used for both trials. The germination experiments were carried out on petri dishes in the laboratory while early growth trials continued in plastic pots in the screenhouse. Both stages were setup using a randomized complete block design with three replications. Germination and early growth trials of the different genotypes were studied using distilled water as control or osmotic potentials of 50, 100, 150 and 200mM NaCl to study the effects of salinity on germination and seedling growth characteristics. Leaf concentrations of Na + and K + were determined. At the germination level, germination percentage, germination index and the coefficient of velocity of germination decreased with increasing salinity while the mean germination time and time to 50% germination increased with increasing level of salt. All the growth variables decreased with increasing salinity with the exception of the root length which was not affected by salinity. It was observed that increasing salinity induced a significant increase in leaf Na+ and substantial reduction in the accumulation of K+ in the leaves. For ions accumulation, germination variables and growth parameters, significant differences at 0.001 probability levels were found among salinity treatments, common Therefore, the objective of this study was to determine the level of salt tolerance of eight common bean genotypes which are widely grown in Cameroon during germination and the early growth stage with a view to developing a scale of genetic variability for salinity tolerance among these genotypes.
Material and methods

Study site and plant material
The study was carried out in the laboratory and at the experimental genetics screenhouse of the research and teaching farm of the Faculty of Agronomy and Agricultural Sciences of the University of Dschang, located in the west region of Cameroon, latitude of 5°20' North, longitude of 10°05' East and 1407 m above sea level. The annual rainfall of the study site ranges from 1800 to 2000 mm. The average annual temperature and relative humidity of the area are around 20.5°C and 76.8%, respectively. Seeds of eight common bean genotypes were used for the study, namely: KEB-CB056, KEB-CB053, KEB-CB050, KEB-CB055, KEB-CB066, KEB-CB062, KEB-CB049 and Mac-33. All are widely grown in the region. The soil used for the experiment was collected from the ploughed field of a nearby university site. Soil's characteristics are presented in Table 1 . grown under different salinity conditions show different types of responses, with increasing salinity causing more stress on young bean plants and subsequently reducing growth and cell water potential (Stoeva and Kaymakanova 2008; Ndakidemi and Makoi 2009) . The exploitation of local plant genetic resources in Africa is likely the best way to accomplish present food security objectives. With the need to feed the fastgrowing population in tropical and sub-tropical regions, genomic preservation and full exploitation of the diverse range of crop resources to suit all the various land and soil characteristics, are dominant considerations in crop production. Salinity affects about 95 million hectares of soil worldwide with the African continent not free from this abiotic stress (Szabolcs 1994; Brady 2002) . Soil salinity increase annually by 10%, representing an important constraint to crop production (Szabolcs 1994) . Main causes of soil salinity presently include mineral weathering, poor soil drainage and irrigation using salinized water. In Cameroon, salty soils represent a considerable proportion of land available, covering about 2000 km 2 (Ngachie 1992; Jalloh et al. 2011 ). Response to salinity varies between crop species and even between varieties and genotypes within a crop species according to Greenway and Munns (1980) . Salinity is known to impair seed germination, delay plant growth and reduces crop yield (Greenway and Munns 1980) . It affects the physiology and biochemistry of plants, reduces photosynthesis, protein synthesis and respiration in sensitive crops (Meloni et al. 2003; Pal et al. 2004) . Salt induces osmotic stress by preventing absorption of water from soil and the result is the increase of the concentration of the potentially toxic salt ions within plant cells. In order to overcome the deleterious effects of soil salinity on yields of crops, the development of salt tolerant varieties is critically important (Epstein et al. 1980) Many studies on seed germination and growth under salinity have shown that seeds reach their best germination rate and seedling development in non-saline media and are very sensitive to the elevation of salinity in the milieu which causes reduced germination rate, low chlorophyll content and poor growth (Qados et al. 2011; Cokkizgin 2012; Mena et al. 2015) . Salinity tolerance is defined as the ability of plants to continuously grow under salt stress conditions (Munns 2002) . In salty areas, there is need of salt-tolerant genotypes and the screening of crop genetic resources at germination and early growth under different conditions of salinity appears to be a smart criterion in selecting salt tolerant genotypes for promoting their cultivation in affected regions. This efficient technique has been used in sorghum (Ashraf et al. 1990 ), barley (Askari et al. 2016 ) and rice (Ologundudu et al. 2014) .
percentage (GP= 100 x n / N), obtained by dividing the number of germinated seeds in each Petri dish (n) by the total number of seeds tested (N), multiplied by 100 (Cokkizgin and Cokkizgin 2010) . (2) The mean germination time (MGT), calculated to assess the rate of germination (Hu et al. 2005) as follows: MGT = Σ(n i × d i ) / ∑n i . where n i = number of the newly germinated seeds and d i equals day number. (3) Time to 50% germination (T 50 ) which is the time at the end of which 50% of the tested seeds had germinated. It was calculated using this formula: T 50 = T 1 + (T 2 -T 1 ) x (0.5 -G 1 ) / (G 2 -G 1 ) With: G 1 = cumulative percentage of germinated seeds whose value is closest to 50% by lower value, G 2 = cumulative percentage of germinated seeds whose value is closest to 50% by higher value, T 1 = time (day) whose cumulative percentage of germinated seeds is closer to 50% by lower value, T 2 = time (day) whose cumulative percentage of germinated seeds is closer to 50% by higher value. (4) Germination Index (GI), calculated as described by the Association of Official Seed Analysts (AOSA 1983): GI = ∑ Gt / Dt. where Gt is the number of seeds germinated in t days; Dt is the number of corresponding germination days; (5) Coefficient of velocity of germination (CVG) evaluated according to Maguire (1962) as follows: CVG = (G 1 + G 2 + ….. +G n ) / (1xG 1 + 2xG 2 + ….. + nxG n ) where G is the number of germinated seeds and n is the last day of germination.
Early growth variables
Plant height (PH) was measured weekly on two plants in each replication. At 6 weeks, the experiment was concluded and all other measurements on growth parameters taken [ie. shoot fresh weight (SFW), shoot dry weight (SDW), root fresh weight (RFW), root dry weight (RDW), root length (RL), number of Leaves (NL), root length / plant height ratio (RL/PH)] and Na + , K + leaf accumulation. Dry weights were measured after drying plants at 70°C for 48 hours (Gabelman and Loughman 1985) . To determine ion accumulation, ash of the different plant samples was obtained by heating dried samples at 450°C for 6 hours. The ash obtained was then dissolved in diluted HCl with a minimum of nitric acid. This solution was used to determine Na 
Classification of genotypes
The classification of genotypes for salinity tolerance was based on the deficit in the total dry weight of the plant (shoot + root) at each level of salinity compared
Experimental design and treatments
Germination trial
Healthy and uniform common bean seeds of each genotype were surface-sterilized with 7% sodium hypochlorite (NaOCl) for 20 min (Sauer and Burroughs 1986 ) and washed twice with distilled water for 10 min. Seeds were then germinated in 120 mm diameter sterilized Petri dishes. All Petri dishes were washed with tap water and rinsed with distilled water. NaCl solutions were prepared at a concentration of 0.0 (Control), 50.0, 100.0, 150.0 and 200.0mM. The Petri dishes were arranged in a randomized complete block design with three replications. A total of 30 seeds were placed in each Petri dish on double-layer Whatman paper. 10 ml of appropriate solution was added to each Petri dish. Seeds were imbibed with NaCl solutions for 24 h at room temperature. Seeds were then drained, rinsed twice with distilled water, and were allowed to continue germination on new moist double-layer Whatman paper. The seed counting process started 24 hours after seeds were moistened for the first time. That process was repeated every day at the same hour. Every day, the germinated seeds were counted, recorded and removed from the Petri dishes. Seed germination was recorded when a 5 mm radicle had emerged from the seed coat (Sayar et al. 2010 ). The study was concluded after 14 days.
Early growth trial
Eight seeds of each genotype were planted in a plastic pot containing 7 kg of soil. Thinning was carried out 2 weeks after planting to leave four plants in each pot. The pots used had no drainage holes at the bottom. The experiment was set up using a randomized complete block design with three replications. Salinity treatments were applied as NaCl solutions at the same five molarities as for the germination trial. Pots were irrigated with 200ml appropriate saline solution every three days from 2 weeks after planting up to 6 weeks. Plant height (PH) was measured weekly on two plants in each replication using a metric ruler.
Variables studied 2.3.1 Germination variables
The number of germinated seeds was recorded every 24 h. The germination variables used were: (1) Germination when subjected to salinity stress, the degree of inhibition differed markedly between genotypes. A two-way Analysis of Variance showed a significant individual effect of salinity, genotype and their interaction in affecting germination variables in cultivated P. vulgaris (Table 3) . The germination index (GI) and the coefficient of velocity of germination (CVG) had the same change trend with that of germination percentage ( Table 2 ). The highest GI (7.78) and CVG (0.42) were observed in the control and the lowest values were observed at 200mM NaCl treatment (3.62 for GI and 0.30 for CVG) ( Table 2 ). The different levels of NaCl also significantly affected the mean germination time (MGT) and time to 50% germination (T 50 ) ( Table 2) . Significantly longer MGT (3.47) and T 50 (6.37) was obtained for all genotypes with treatments at 200mM NaCl as compared with controls (MGT = 2.57 days and T 50 = 3.59 days) ( Table 2 ). Significant Pearson correlations were found between all the germination variables studied (Table 5 
Early growth assessment and nutrient accumulation
Growth expressed in terms of seedling height gained per week (cm/week) for all genotypes decreased significantly with increasing salinity (Table 2) . A two-way Analysis of Variance showed a significant effect of salinity, genotype and salinity X genotype interaction in affecting nutrient uptake and most growth attributes in cultivated P. vulgaris (Table 3 ). In general, growth variables were significantly higher in controls compared to treated plants. Plant height was affected by salinity only at 200mM NaCl. In treated plants, the number of leaves was reduced even at to controls as suggested by Fageria (1985) . Tolerant (T) genotypes had a total dry matter deficit of less than 20%. Moderately tolerant (MT) genotypes had deficits between 21 and 40% and in moderately susceptible (MS) genotypes the deficit varied from 41 and 60% dry weight. In susceptible (S) genotypes, the dry weight deficit was more than 60%.
Statistical analysis
Data of the germination and growth variables were analyzed using XLSTAT 2014 and GraphPad Pism 6.0 softwares packages. Data were analyzed using two-way Analysis of Variance (ANOVA) with three sets of hypotheses.
(1) mean values of each variable among salinity treatments are equal, (2) mean values of each variable among the different genotypes are equal, and (3) there is no interaction between salinity treatment and genotype for each tested variable. Differences were declared significant at P < 0.05 probability levels by the Fisher test. Where the ANOVA test showed significant differences among means, Tukey's multiple range test of XLSTAT 2014 software was performed at the 0.05 level of probability to separate means. Relationships between NaCl concentrations and germination percentage data of the studied genotypes were performed using r 2 goodnessof-fits of the linear regression from GraphPad Prism 6.0 computer program. Pearson correlation coefficients were used to assess the relationship between the different variables under salinity.
Results
Germination test
This study showed a significant effect of salinity on germination traits of common bean genotypes. The germination percentage under control conditions fluctuated from 15 (KEB-CB053) to 100% (Mac-33; with a mean at 82.81% (Table  2, Table 4 ). Under salinity stress at 100mM and 200mM NaCl, germination percentage ranged from 30.00% (KEB-CB053) to 95.00% (KEB-CB050) with a mean of 80.94% and from 17.50% (KEB-CB053) to 85.00% (KEB-CB066) with a mean of 56.88% respectively. The general trend is that as the NaCl concentration increased, the common bean genotypes showed a decreasing germination percentage (Table 2, Figure 1 ). Though the germination of common bean seeds was strongly inhibited mM NaCl) against the lowest value (0.76 mg/g) seen in controls (Table 2) . Pearson correlation coefficients were determined for any pair of the eight growth parameters used for the study. Among the twenty-eight correlations estimated, fifteen associations (53.57%) were significant and positive; six associations (21.43%) were significant and negative. Seven associations (25.00%) had no relationship (Table 6 ). This study revealed that plant height (PH), number of leaves (NL), shoot fresh weight (SFW), shoot dry weight (SDW), root fresh weight (RFW) and root dry weight (RDW) had significant associations with most of growth parameters. Root length (RL) however had no relationship with most of growth variables (Table 6) . the lowest salt concentration (50mM NaCl) and did not change with the increasing salinity. Root length and root length/plant height ratio were not affected by salinity. Fresh weights and dry weights were reduced by salinity at its lowest concentration (50mM NaCl) and continued to decrease significantly with the increasing soil salinity (Table 2 ). Ion accumulation in the leaves was affected by salinity. K + level and K + /Na + ratio were greatest in controls (10.85 mg/g and 15.11 mg/g respectively) and decreased significantly with increasing salinity starting at 100mM NaCl concentration, with the lowest values obtained at 200mM NaCl (5.15 mg/g for K + and 4.06 mg/g for K + /Na + ratio). Leaf Na + concentration increased significantly with increasing salt concentration. The highest value (1.53 mg/g) was obtained in the most stressed plants (200 Table 2 : Effects of NaCl on germination estimates, growth estimates and nutrient uptake of cultivated Phaseolus vulgaris at 6 weeks*: Each trait mean represents the average of the different observations of the 3 replications of all genotypes. Means followed by the same letter in the same row are not significantly different at p = 0.050 probability level. GP = Germination percentage; GI = Germination index; MGT = Mean germination time; T 50 = Time to 50% germination; CVG = Coefficient of velocity of germination; SFW = Shoot fresh weight; SDW = Shoot dry weight; RFW = Root fresh weight; RDW = Root dry weight; RL = Root length; NL = Number of Leaves; PH = Plant height germination trial and early growth assessment, KEB-CB049, KEB-CB053 and Mac-33 showed best tolerance to salinity while KEB-CB055 and KEB-CB050 were the most sensitive genotypes to salt stress. 
Classification of genotypes
All eight genotypes showed inconsistent salinity tolerance with increasing soil salinity. At the lowest salt concentration in our study (50mM NaCl), four genotypes, namely KEB-CB066, KEB-CB062, KEB-CB049 and KEB-CB053 were tolerant while the other four were moderately tolerant. After increasing salinity to 100mM NaCl, three of these genotypes, KEB-CB066, KEB-CB062, KEB-CB049, remained tolerant while KEB-CB053 deviated to moderately tolerant. Mac-33 remained mid-tolerant in a range of salinity from 50mM to 150mM NaCl. The general trend is that as salinity increases, most genotypes will shift from their previous ranking according to salinity tolerance to the next lower rank of tolerance. At 200mM NaCl, there were no tolerant genotypes as most genotypes were susceptible to salinity (Table 4 ). According to the in Phaseolus vulgaris seeds was considerably affected by salinity as we have shown in this study when different levels of NaCl significantly affected the mean germination time (MGT) and time to 50% germination (T 50 ) ( Table 2) . Significantly greater number of days for MGT and T 50 for all genotypes was obtained after treatment of seeds with 200mM NaCl. According to Hajer et al. (1996) , as the soil salinity increase, it delays the germination initiation and MGT and T 50 increase. Such a delay or inhibition of germination under salt stress is due to an osmotic effect limiting uptake of water required for seed germination (Flowers 1986 ). Karagiizel (2003) reported that germination time in several plant species considerably increases with an increase in salt concentration. This delay in seed germination or prolongation of germination time of the studied genotypes has also been observed in oryza species (Hakim et al. 2011) and Limonium species (Redondo-Gomez et al. 2008 ) who detected increased MGT with increased NaCl osmotic potentials. The extension of time to 50% germination observed in this study also fits the conclusion of Mrani- Alaoui et al. (2013) on Moroccan wheat varieties.
Salinity effects were clearly manifested on early seedling growth, visible in terms of the reduction of plant height. Like the fresh weight, the dry weight of root and shoot of the tested genotypes also showed clear reduction as the salinity level was increased. Our results reveal that salinity treatments of 200mM NaCl intensely predispose to loss of dry matter in roots and shoots. The rate of the dry matter loss varied however between the different genotypes. This variation indicates different levels of salt tolerance in the tested genotypes. In agreement with our results, other studies on salt stress on common bean indicated biomass reduction as soil salinity increases (Tajera et al. 2005; Gama et al. 2007; Ndakidemi and Makoi 2009) . Similar losses in biomass could be attributed to salinity in related crops like chickpea (Vadez et al. 2007; Turner et al. 2013) , wheat (Sharma 2015) , soybean (Grattan and Maas 1988) , cowpea (Wilson et al. 2006; Gogile et al. 2013) , maize (Hu et al. 2007) , mungbean (Rafiq at al. 2008) , eggplant (Shaheen et al. 2012 ) and rice (Shahbaz and Zia 2011) . Growth reduction due to NaCl treatment illustrates the negative effect of salinity on plants, activated by altered osmotic potentials of salt in the root system that limits the gain of the required amount of water (Mer et al. 2000) . The growth and development of plants is therefore inhibited because of metabolic defects like altered membrane permeability (Cramer et al. 1985) . Khalid et al. (2015) also reported that salinity reduced crop productivity by causing disruption of cell membranes, most likely due to nutrient imbalance
Discussion
According to Munns (2002) , the inhibition of a plant's shoot and root growth is one of the key agricultural indicators of salt stress. Therefore, soil salinity represents a major abiotic stress that reduces crop yield. Screening crops for tolerance to salinity appears to be of great importance for better utilization of land affected by salinity. We have therefore tested five levels of salinity at the germination stage and early seedling growth to explore the level of tolerance in eight genotypes of common bean (Phaseolus vulgaris) by measuring germination variables, shoot and root growth and ion accumulation in the leaves of Pheseolus vulgaris plants. Salinity tolerance in plants is known as a complex trait, involving many genes (Yamaguchi and Blumwald 2005) . Because of the complexity and the polygenic nature of salinity tolerance, several inspirational studies including those of Cokkizgin (2012) , Mena et al. (2015) have been carried out to understand the genetic mechanism of salinity tolerance in plants and to assess the availability of genetic diversity for tolerance to soil salinity in crop species. Similar studies seem to be prerequisite to improving salinity tolerance in plants through selection and breeding.
At the germination stage, the experiment revealed that salt stress induced lower germination percentage, germination index and coefficient of velocity of germination and increased time for germination (Mean germination time and time to 50% germination) of common bean seeds (Table 2 ). According to the germination percentage results, different levels of tolerance were observed among the genotypes selected for study, with genotypes, KEB-CB053 and KEB-CB049 proving to be the most tolerant. The genotypes which are least affected by salinity may be potential sources of gene for salinity tolerance, important in plant breeding as demonstrated in tomato (Singh et al. 2012 ). Therefore, these genotypes which germinate more easily at a higher soil salinity may be used as possible donors for salinity tolerance in crop breeding programs. Although there is a variation in germination percentage for the different common bean genotypes at any level of salinity, the general trend is that common bean germination is progressively inhibited as the level of salinity increases with the maximum inhibition obtained under high salinity conditions. Similar results were highlighted in Phaseolus species (Bayuelos et al. 2002; Cokkizgin 2012) and Crithmum species (Meot-Duros and Magné 2008). The decrease in ability of common bean seeds to germinate under conditions of soil salinity is likely due to a reversible osmotic effect that induced dormancy by saline stress (Mehrun-Nisa et al. 2007 ). Germination time
Conclusion
This study on the effect of salinity on the germination and growth attributes in common bean genotypes allows us to conclude that all of the considered parameters were affected by salinity with significant difference between the tested genotypes. Germination in common beans was significantly delayed by salinity. Growth parameters were reduced with increasing salinity. Salinity significantly increased the level of sodium while the level of potassium was reduced in the leaves. The common bean genotypes namely KEB-CB049, KEB-CB053 and Mac-33 were the most tolerant and KEB-CB055 and KEB-CB050 were the most sensitive ones. This study appears helpful as these tolerant genotypes can be encouraged for cultivation in tropical areas affected by salinity. and growth regulator dysfunction (Khalid et al. (2015) . According to Greenway and Munns (1980) , salt tolerance in plants is associated with the inability to prevent the movement of saline ions (mainly Na + and Cl -) from the root area to aerial parts. The variance analysis showed that the nutrient content of common beans was affected by increasing salinity with K + concentration in many plants being severely reduced (Greenway and Munns 1980) . This is also the case for our study on common bean as shown by leaf Na + , K + , K + /Na + ratio presented in Table  2 . Higher Na + accumulation was obtained in the control groups. Epstein (1972) reported that nutrient deficiencies can occur in plants when high concentration of Na + in the soil reduces the amount of available K + . These data help to provide an explanation by which common bean plant achieve ionic equilibrium following uptake of high Na + concentration (Slama 1986) . As Na + level increases with salinity, there is reduced ability of the common bean plant to take up water and mineral like K + . K + is known as a co-factor that activates many enzymes, its limitation in the cell results in high cytosolic Na + and low value of K + / Na + ratio (Munns et al. 2006) . Our result indicates that with the increasing salt concentration, Na + increase in the leaves and the proportion of K + and K + /Na + ratio are reduced. The trend of Na + accumulation in the leaves of the studied genotypes therefore occurred reciprocally to a trend in K + de-accumulation. Studies on barley (Wolf et al. 1991) , cowpea (Patel et al. 2010 ) and soybean (Li et al. 2006 ) reported similar results. These nutrient deficiencies are likely the cause of the delayed growth due to soil saline in the present study. Na + likely has a toxic effect on the structural and functional integrity of cell membranes (Kurth et al. 1986 ). Our result also agrees with the report of Greenway et al. (1966) on Atriplex nummularia with the leaf sodium content increasing while leaf potassium content decreasing with increasing soil salt concentration. Correlation analysis generates an understanding of the relationship between growth traits. This study showed the role of shoot fresh weight as the key determinant of improved performance under salinity as it correlated well with all other growth variables (Table 6) . Geostatistical methods, which have a wide range of applications in water quality (Jat and Serre 2016) and exposure assessment (Li et al. 2010) can also be used for soil salinity through pH estimation and accordingly, tolerant bean varieties can be planted for better crop production and harvest. This study can be helpful for improving the choice of genotype suited to perform best under known conditions of salinity.
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